The novel inflammatory marker procalcitonin (PCT) was assessed as an index of infection in patients with febrile neutropenia. Blood samples were obtained from 115 patients with febrile neutropenia for determination of PCT levels before onset of fever and daily until the resolution of fever. The median PCT level on the first day of fever was 8.23 ng/mL in patients with bacteremia, compared with 0.86 ng/mL in patients with localized bacterial infections ( ). The median PCT level on the first day of fever was 2.62 ng/mL in patients P p .017 with severe sepsis, compared with 0.57 ng/mL in patients with clinically localized infections ( ). A P ! .001 dramatic decrease in PCT levels was documented after resolution of the infection; PCT levels were elevated when the infection worsened. Pronounced PCT levels were also found in patients with fever of unknown origin who were responding to antimicrobial chemotherapy, compared with those not responding to treatment with antibiotics. PCT levels were particularly elevated in patients with bacteremia and severe sepsis. These findings provide new insight into the application of PCT in clinical trials as a diagnostic tool of the severity of an infection in patients with febrile neutropenia and of the need to change antimicrobial regimen.
Neutropenia in patients who have undergone antineoplastic chemotherapy is a state of immunosuppression that results in extreme vulnerability of the host to numerous microorganisms, which can cause lethal infections. It is well known that febrile neutropenia may be attributed to an underlying infection, to the underlying disorder, or to the administration of drugs or blood products. In many patients, signs of infection are not present. Another problem is the recurrence of fever at the end of a successful course of antimicrobial treatment for a previous infection. To help resolve these questions, various serological markers have been ap-plied, especially C-reactive protein and IL-6 [1] . However, the major disadvantage of their application is their lack of specificity as a result of the effect of the underlying disorder in their production; their high cost is another disadvantage.
Procalcitonin (PCT) is a novel peptide that consists of 116 amino acids with the same sequence of the prohormone of calcitonin synthesized in the C cells of the thyroid gland [2] . It is significantly elevated in the serum of patients with bacterial meningitis or with sepsis, but the site of its production remains unclear [3] [4] [5] . Because the majority of studies of PCT involve immunocompetent hosts, we have attempted to describe PCT production in patients with febrile neutropenia, particularly in cases of systemic infections comprising bacteremia and severe sepsis.
PATIENTS AND METHODS
From January 1997 through January 1999, we enrolled a total of 115 hospitalized patients in a prospective study. All patients had various hematologic malignancies or solid tumors, and all patients underwent anineoplastic chemotherapy. All patients developed neutropenia (polymorphonuclear neutrophils, !500 cells/mm 3 ) after chemotherapy; they also developed fever. Fever in these patients was defined as any of 3 or more spikes of temperature of у38ЊC during a 24-h period or a single spike of у38.5ЊC [5] . A complete clinical evaluation was performed for each patient, which included physical findings; biochemical parameters; cultures of blood, urine, and sputum samples and of specimens of skin lesions; chest and sinus radiographs; and CT scans of the chest and abdomen whenever it was considered necessary.
On the basis of the clinical and laboratory findings, patients were divided into the following 3 categories: those with a microbiologically documented infection; those with a clinically documented infection whenever physical or radiological findings were compatible with an underlying infection, but without any microbiological proof; and those with fever of unknown origin (FUO) whenever fever lasted у3 days and no cause of fever could be detected, despite the use of the aforementioned tests [6] . Categorization of patients was made without knowledge of PCT levels. For all patients, "severe sepsis" was defined as sepsis that was associated with organ dysfunction, hypoperfusion, or hypotension. Perfusion abnormalities may include, but were not limited to, lactic acidosis, oliguria, or an acute alteration in mental status [7] [8] [9] .
Blood samples were obtained from all patients before initiation of chemotherapy; at 48-h intervals, when patients were afebrile and neutropenic; and at 24-h intervals, after the patient experienced fever until the fever resolved (temperature, р37.6ЊC [5] ). One part of each blood sample was cultured under both aerobic and anaerobic conditions for 7 days (BAC-TEC; Becton Dickinson), and the other part was centrifuged at 12,000g and 4ЊC. Serum samples were kept refrigerated at -70ЊC until they were processed. PCT levels were determined by use of an assay on the basis of immunochemiluminescence (BRAHMS Diagnostica; lower detection limit, 0.08 ng/mL) after incubation of the sample for 2 h at 30ЊC into tubes coated with 2 different monoclonal antibodies. Luminescence was then measured automatically by use of a Berilux Analyzer 250 (Boehring Diagnostics). Concentrations of PCT of !0.5 ng/mL were considered to be negative results, according to other authors [3] . All measurements were performed twice. Because values did not follow a Gaussian curve, PCT values were reported as the median values on each day of fever. Values of each febrile patient were compared with those of the same patient while he or she was experiencing neutropenia and before he or she experienced fever by use of the Wilcoxon rank test ( ). Patients with microbiologically or clinically docu-P ! .05 mented infections were divided into subgroups of patients with systemic (i.e., bacteremia, severe sepsis, or both) or localized infections (i.e., infections confined to a sole organ), and comparisons between them were performed by use of the MannWhitney rank sum test ( ). The changes in PCT levels P ! .05 for each group of patients on consecutive days were evaluated by use of the Friedman's test [10] .
RESULTS
The epidemiological and clinical data of patients enrolled in the study are shown in table 1. Before the initiation of chemotherapy, the median PCT level was 0.29 ng/mL (range, 0-0.51 ng/mL); when the patient was in a neutropenic state before fever began, it was 0.18 ng/mL (range, 0-0.61 ng/mL). PCT values of the first 4 days of microbiologically proven infections are shown in table 2. Patients were subdivided into those with bacteremia and those with a localized bacterial infection; we considered the start of the infection to be the first day on which cultures of biologic samples yielded positive results. A respective analysis of PCT values of patients with neutropenia who had severe sepsis or a clinically localized infection is presented in table 3; we considered the start of the infection to be the first day on which clinical signs of an infection occurred. The distribution of the values of PCT in patients with a documented infection is shown in figure 1 , and follow-up of patients with a systemic infection correlated to their response to antimicrobial chemotherapy is shown in figure 2 . PCT values after the first day of the occurrence of FUO in relation to response to antimicrobial chemotherapy are given in table 4. For the group of patients who presented with FUO, fever resolved in 25 patients (64.1%) after the administration of an antimicrobial regimen, and PCT values of 10.5 ng/mL were found in 15 patients (60%). No response of fever was observed in any of the remaining 14 patients (35.9%); of these 14 patients, the PCT level was found to be elevated (10.5 ng/ mL) in 1 (6.7%;
). P p .043 For the group of patients who presented with bacteremia, the median PCT value on the first day of fever in patients with infections caused by gram-negative isolates was 12.37 ng/mL (range, 0.09-143.98 ng/mL); for patients with infections caused by gram-positive cocci, the median PCT value was 1.29 ng/mL (range, 0.88-297.63;
). Nine patients with bacteremia P p NS also developed signs of severe sepsis; the median PCT value was 11.73 ng/mL (range, 0.87-297.63 ng/mL) on the first day of fever ( compared with patients without severe sepsis P p NS, and without bacteremia).
Three patients presented with systemic fungosis, 1 presented with pulmonary aspergillosis, and 2 presented with hepatosplenic candidiasis (table 1) . Diagnosis of pulmonary aspergillosis was made after the patient underwent bronchoalveolar lavage; the other 2 patients underwent splenectomy before they received their diagnosis. The patient with pulmonary aspergillosis presented with PCT values with a range of 0.83-2.99 ng/ mL (median, 1.26 ng/mL) and had a total duration of fever of 24 days. For the other 2 patients, the range of PCT values was 0-2.49 ng/mL (median, 0.26 ng/mL) and 0.09-0.38 ng/mL (median, 0.18 ng/mL), respectively; the total duration of fever was 78 and 18 days, respectively. We have attempted to define the concentration of PCT that might be considered to be a breakpoint to differentiate between bacteremia or severe sepsis and localized infection; the sensitivity, the specificity, and the positive predictive values of these concentrations are presented in tables 5 and 6. To achieve that determination, patients with bacteremia or severe sepsis and elevated PCT values were considered to have a "true-positive finding," and those with localized infections without elevated PCT levels were considered to have a "true-negative finding."
DISCUSSION
PCT is a 116-amino acid peptide with the same sequence of the prohormone of calcitonin synthesized by the C cells of the thyroid gland. It is particularly elevated in the serum samples of immunocompetent patients with sepsis and bacterial meningitis [3, 4] ; it is also elevated in healthy volunteers after they receive an injection of endotoxin [11] , and it is considered to be a specific infective parameter. Although PCT is produced to some extent by WBC [12] , which, therefore, renders its diagnostic value in patients with febrile neutropenia doubtful, preliminary results by Al Nawas and Shah [2] showed an elevation of PCT levels in 25 patients with neutropenia and sepsis. The present study attempted to describe the kinetics of PCT in patients with febrile neutropenia in order to define its value as a marker of infection in patients with immunosuppression.
Before the onset of fever, PCT values remained within normal detection limits both in patients without neutropenia who had a malignancy and in afebrile hosts with neutropenia (median values, 0.29 ng/mL and 0.18 ng/mL, respectively). However, the value of PCT as an index of infection was mainly documented on the first day of the presentation of the infection. The median PCT value on the first day of bacteremia was 8.23 ng/ mL-highly statistically significant compared with the median PCT value of 0.86 ng/mL on the first day of a localized bacterial infection (table 2) . On the other hand, analysis of PCT failed to detect the 3 patients with systemic fungosis for the following 2 reasons: (1) in 1 patient, not a single PCT value surpassed the threshold of 0.5 ng/mL, and (2) a wide range of values was observed throughout the course of their infection. Transient elevations of PCT levels in patients with systemic fungosis have been reported in 2 cases of disseminated aspergillosis [13] .
For patients with neutropenia who had clinically documented infection (table 3) , results concerning the observed differences between systemic and localized infections are in complete agreement with those documented in patients with a microbiologically proven infection. More precisely, the median PCT level on the first day of severe sepsis was 2.62 ng/mL, a finding that is statistically superior to findings regarding patients with localized infections, for whom median PCT value was 0.57 ng/mL. Of importance, in all patients who presented with either systemic or localized infections (tables 2 and 3), levels of PCT were determined and then compared with the patients' status of neutropenia before the onset of the infection. On the basis of the above results, it might be hypothesized that, because elevated PCT levels were found on the first day in patients with FUO who responded to antimicrobial chemotherapy (compared with patients who did not respond to the administration of an antimicrobial regimen), elevation of PCT levels was indicative of patients with a probable bacterial infection (table 4) . That is further supported by the finding that 60% of the patients with FUO who responded to the administration of a regimen of antimicrobial agents presented with elevated PCT values (i.e., 10.5 ng/mL), whereas only 6.7% of those who did not respond to the administration of antimicrobial agents had elevated PCT values.
The main problem with the determination of PCT values is the wide variation of the obtained values (figure 1), which do not follow a Gaussian curve model, and which, therefore, make it difficult to establish a threshold with an adequate sensitivity and specificity to indicate the diagnosis of a certain syndrome (tables 5 and 6). Ideally, the applied diagnostic test should posses the maximum available sensitivity, specificity, and positive predictive value [14] . Although there is no one concentration of PCT that meets all 3 criteria, and considering that a sensitivity of 73% has been proposed by other authors as satisfactory for PCT [15] , it might be assumed that concentrations of 11.0 ng/mL with 78.6% sensitivity, accompanied by relatively satisfactory criteria for specificity and for positive predictive value, might be helpful for the differential diagnosis of bacteremia and localized bacterial infection. PCT values of 12.0 ng/mL seem adequate for the differentiation between severe sepsis and localized infections, with 90.9% sensitivity, 80.9% specificity, and 76.9% positive predictive value. As the applied concentrations of PCT increase, sensitivity decreases, but specificity and positive predictive value increase; this leads us to assert that concentrations of 12.5 ng/mL in a single patient should raise the suspicion of severe sepsis.
However, careful inspection is needed to draw safe conclusions regarding the kinetics of PCT in plasma over time and regarding the influence exerted by the antimicrobial regimens. It has been proposed by other authors that values of PCT remain elevated for 3 days, then start to decrease [2] . However, when considering PCT values in patients with a systemic infection in relation to the therapeutic response (figure 2), it becomes clear that the resolution of the infection is accompanied by a dramatic decrease in PCT levels from the first 24 h, whereas persistence of the infection is accompanied by highly elevated PCT levels in plasma. In patients with FUO who responded to the empirical administration of an antimicrobial regimen, after the second day of therapy, response to treatment was accompanied by a drop of elevated PCT values to values that did not differ from control values (table 4) .
The results we present are in general accordance with those of other authors who have studied immunocompetent hosts to reveal an elevation of PCT values in patients with bacteremia and sepsis [2] [3] [4] [5] . To our knowledge, only 2 studies have been published on the importance of PCT as a diagnostic marker in patients with febrile neutropenia. The first study [16] comprises descriptions of 28 cases of neutropenia and 7 cases of bacteremia; this study found elevated PCT concentrations in the patients, compared with patients with FUO, and the authors found that gram-negative bacteremia was accompanied by greater values of PCT, compared with gram-positive bacteremia.
The second study [15] involved 33 cases of bacteremia and revealed an enormous elevation of PCT values without any observed differences between gram-positive and gram-negative bacteremias; these findings are in complete agreement with ours. However, the latter study did not involve any patients with sepsis or severe sepsis.
In conclusion, the present study revealed that PCT might be a useful diagnostic tool for the early detection of a systemic infection in patients with febrile neutropenia. Values of 0.5-1.0 ng/mL might suggest the existence of a localized infection; values of 11.0 ng/mL might suggest a probable bacterial bloodstream seeding; and values 12.0 ng/mL suggest a septic response. There is no doubt that the presence of febrile neutropenia demands the early start of antimicrobial chemotherapy. However, the results we present might support the need to conduct studies that would clarify whether patients with febrile neutropenia accompanied by elevated PCT levels should be managed with an enhanced regimen of antimicrobial agents or whether the regimen that had been administered should be changed according to sustained PCT levels, especially in patients with FUO.
